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SUBJECT:  Lake  Thunderhead  Dam  Phase  I  Inspection  Report 


This  report  presents  the  results  of  field  inspection  and  evaluation  of 
the  Lake  Thunderhead  Dam  (MO  10007). 

It  was  prepared  under  the  National  Program  of  Inspection  of  Non-Federal 
Dams. 

This  dam  has  been  classified  as  unsafe,  non-emergency  by  the  St.  Louis 
District  as  a  result  of  the  application  of  the  following  criteria: 

a.  Spillway  will  not  pass  50  percent  of  the  Probable  Maximum  Flood 
without  overtopping  the  dam. 

b.  Overtopping  of  the  dam  could  result  in  failure  of  the  dam. 

c.  Dam  failure  significantly  increases  the  hazard  to  loss  of  life 
downstream. 
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Lake  Thunderhead  Dam 
Missouri 
Putnam  County 
North  Blackbird  Creek 
May  6,  1980 


Lake  Thunderhead  Dam  was  inspected  by  an  interdisciplinary  team  of 
pngi npprs  ^eom  Ho^jdjTS^WgsJ^r^Sen^regger^  Tnrv  The  purpose  of  the 
inspection  was  to  make  an  assessment  of  the  general  conditions  of  the 
dam  with  respect  to  safety,  based  upon  available  data  and  visual  inspec¬ 
tion,  in  order  to  determine  if  the  dam  poses  hazards  to  human  life  or 
property. 


Lake  Thunderhead  Dam  has  a  height  of  fifty-four  (54)  feet  and  a 
storage  capacity  at  the  minimum  top  elevation  of  the  dam  of  twenty-seven 
thousand  four  hundred  (27,400)  acre-feet.  In  accordance  with  the  guidelines, 
an  intermediate  size  dam  has  a  height  greater  than  or  equal  to  forty  (40) 
feet  but  less  than  one  hundred  (100)  feet  and  a  storage  capacity  greater 
than  or  equal  to  one  thousand  (1,000)  acre-feet  but  less  than  fifty 
thousand  (50,000)  acre-feet.  The  size  classification  is  determined 
by  either  the  storage  capacity  or  height,  whichever  gives  the  larger 
size  category.  Lake  Thunderhead  Dam  is  classified  as  an  intermediate 
size  .dam. 

In  accordance  with  the  guidelines  and  based  on  visual  observation, 
the  dam  is  classified  as  having  a  high  potential  for  damage  and  loss  of 
life.  Failure  would  threaten  life  and  property.  The  estimated  damage  zone 
extends  approximately  twenty  (20)  miles  downstream  of  the  dam  to  the 
confluence  of  North  Blackbird  Creek  and  South  Blackbird  Creek.  Within 
the  first  six  miles  of  the  damage  zone  are  six  dwellings  and  some 
outbuildings.  Missouri  Highway  5  is  immediately  downstream;  Missouri 
Highway  129  is  approximately  four  miles  downstream;  and  U.S.  Highway 
136  is  about  eleven  miles  downstream.  The  valley  is  extensively  farmed 
for  its  full  length. 

*> 

Our  inspectionAnd  evaluation  indicates  that  the  spillways  do  not 
meet  the  criteria  ser  forth  in  the  recommended  guidelines  for  an  inter¬ 
mediate  dam  having  a  high  hazard  potential.  The  Probable  Maximum  Flood 
is  the  appropriate  spillway  design  flood.  The  spillways  will  pass  the 
100-year  flood  (1%  probability  flood  -  a  flood  having  a  one  percent  chance 
of  being  exceeded  in  any  year)  without  overtopping  the  dam.  The  Probable 
Maximum  Flood  (PMF)  is  defined  as  the  flood  that  may  be  expected  from  the 
most  severe  combination  of  critical  meteorologic  and  hydrologic  conditions 
that  are  reasonably  possible  in  the  region. 
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Construction  plans,  a  soils  report  and  a  geological  report  were  avail¬ 
able  for  this  dam  and  are  included  in  this  report.  Based  on  the  information 
available  from  the  plans  and  reports  and  the  observations  made  during  the 
field  inspection,  the  following  remedial  measures  and  maintenance  proce¬ 
dures  are  recommended.  All  remedial  measures  should  be  performed  under 
the  guidance  of  a  registered  professional  engineer  experienced  in  the  design 
and  construction  of  earth  dams. 

a.  Alternatives. 

(1)  The  spillway  size  and/or  the  ! — ^i ght  of  dam  should  be  increased 
to  pass  the  probable  maximum  flood  without  overtopping  the  dam. 

b.  Operation  and  Maintenance  Procedures. 

(1)  Stability  and  seepage  analyses  comparable  to  the  requirements 
of  the  "Recommended  Guidelines  for  Safety  Inspection  of  Dams" 
should  be  performed  for  appropriate  loading  conditions  includ¬ 
ing  seismic  forces.  These  analyses  should  be  performed  by 

a  professional  engineer  experienced  in  the  design  and  construct¬ 
ion  of  dams. 

(2)  Studies  should  be  conducted  to  determine  the  source  and  effects 
of  seepage  discharging  around  the  sewage  lift  station.  This 
may  require  installation  of  piezometers  and/or  closed  circuit 
television  inspection  of  the  sanitary  sewer  line  which  passes 
under  the  reservoir  and  the  dam.  This  should  be  done  under  the 
guidance  of  a  professional  engineer  experienced  in  the  design 
and  construction  of  dams.  Remedial  measures  may  be  required. 

(3)  The  trees  growing  on  the  upstream  slope  as  well  as  the  tree 
growing  along  the  right  wall  of  the  principal  spillway  should 
be  removed  under  the  guidance  of  a  professional  engineer  experi¬ 
enced  in  the  design  and  construction  of  dams. 

(4)  Additional  riprap  should  be  placed  on  the  left  end  of  the  dam. 

(5)  The  headcut  and  gully  erosion  in  the  right  abutment  trough 
downstream  from  the  berm  should  be  repaired  and  measures  taken 
to  control  future  erosion  in  this  area. 

(6)  The  slumps  and/or  slides  in  the  right  bank  of  the  scour  hole 
downstream  from  the  principal  spillway  outlet  should  be  repaired 
and  stabilized. 

(7)  The  concrete  deterioration  in  the  headwall  of  the  principal 
spillway  outlet  should  be  repaired. 

(8)  The  grass  on  the  downstream  slope  should  be  mowed  and  measures 
taken  to  control  the  growth  and  amount  of  litter  that  accumulates. 
Rodent  holes  or  other  surface  scars  revealed  by  the  mowing 
should  be  repaired. 


(9)  The  rodent  hole  along  the  right  wall  of  the  principal  spillway 
outlet  should  be  repaired. 

(10)  A  program  of  periodic  inspection  and  maintenance  should  be 
initiated  in  order  to  protect  the  integrity  of  the  dam. 


Harold  P.  Hoskins,  Chairman  of  the  Board 
HoskinS'Westem-Sonderegger,  Inc. 

E-8696 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
LAKE  THUNDERHEAD  DAM  -  MO  10007 
PUTNAM  COUNTY,  MISSOURI 

SECTION  1  -  PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority.  The  National  Dam  Inspection  Act.  Public  Law  92-367, 
authorized  the  Secretary  of  the  Army  through  the  Corps  of 
Engineers,  to  initiate  a  program  of  safety  inspection  of  dams 
throughout  the  United  States.  Pursuant  to  the  above,  the  St. 

Louis  District,  Corps  of  Engineers,  District  Engineer  directed 
that  a  safety  inspection  of  Lake  Thunderhead  Dam  be  made. 

b.  Purpose  of  Inspection.  The  purpose  of  the  inspection  was  to 
make  an  assessment  of  the  general  condition  of  the  dam  with 
respect  to  safety,  based  upon  available  data  and  visual  inspec¬ 
tion,  in  order  to  determine  if  the  dam  poses  hazards  to  human 
life  or  property. 

c.  Evaluation  Criteria.  Criteria  used  to  evaluate  the  dam  were 
furnished  by  the  Department  of  the  Army,  Office  of  the  Chief  of 
Engineers,  in  "Recommended  Guidelines  for  Safety  Inspection  of 
Dams,"  Appendix  D  to  "Report  of  the  Chief  of  Engineers  on  the 
National  Program  of  Inspection  of  Dams,"  dated  May,  1975,  and 
published  by  the  Department  of  the  Army,  Office  of  the  Chief  of 
Engineers. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances. 

(1)  The  dam  is  an  earth  fill  approximately  1700  feet  in  length 
and  54.4  feet  in  height.  The  dam  impounds  the  flow  from 
North  Blackbird  Creek  to  form  a  reservoir  covering  about 
1050  acres.  The  maximum  water  storage  at  the  minimum  top 
of  dam  elevation  is  27,400  acre-feet.  The  dam  is  located 
about  3.5  miles  north  of  Unionville,  Missouri. 

(2)  The  principal  spillway  consists  of  a  7’  x  18'  reinforced 
concrete  drop  inlet  (riser)  which  is  connected  to  a  6'  x  7' 
reinforced  concrete  box  conduit.  The  spillway  is  located 
toward  the  left  end  of  the  dam  (Sta.  6+50).  The  spillway 
outlets  into  a  reinforced  concrete  St.  Anthony  Falls  (S.A.F.) 
type  energy  dissipator. 
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(3)  A  vegetated  earth  uncontrolled  emergency  spillway  is  cut 
through  the  left  abutment.  The  crest  or  control  section 
of  the  spillway  is  the  asphalt  surfaced  road  that  crosses 
the  dam.  The  width  of  the  emergency  spillway  at  the  crest 
is  approximately  200  feet.  The  spillway  outlets  into  North 
Blackbird  Creek  about  450  feet  downstream  from  the  toe  of 
the  dam. 

(4)  Pertinent  physical  data  are  given  in  paragraph  1.3  below. 

b.  Location.  The  dam  is  located  about  3.5  miles  north  of  (Jnionville 
in  the  north  central  part  of  Putnam  County,  as  shown  on  Plate  A-2. 
The  dam  is  located  in  Sections  10  and  15,  T66N,  R19W,  as  shown 

on  Plate  A-l. 

c.  Size  Classification.  Criteria  for  determining  the  size  classi¬ 
fication  of  dams  and  impoundments  are  presented  in  the  guidelines 
referenced  in  paragraph  1.1c  above.  Lake  Thunderhead  Dam  has  a 
height  of  54  feet  and  a  storage  capacity  of  27,400  acre-feet. 

This  dam  is  classified  as  an  intermediate  size  dam.  An  interme¬ 
diate  size  dam  has  a  height  greater  than  or  equal  to  40  feet 

but  less  than  100  feet  and  a  storage  capacity  greater  than  or 
equal  to  1,000  acre-feet  but  less  than  50,000  acre-feet.  The 
size  classification  is  determined  by  either  the  storage  or  height, 
whichever  gives  the  larger  size  category. 

d.  Hazard  Classification.  Guidelines  for  determining  hazard  classi¬ 
fication  are  presented  in  the  same  guidelines  as  referenced  in 
paragraph  1.1c  above.  Based  on  referenced  guidelines,  this  dam 
is  in  the  High  Hazard  Classification.  The  estimated  damage  zone 
extends  approximately  twenty  miles  downstream  to  the  confluence 
of  North  Blackbird  Creek  and  South  Blackbird  Creek.  Visual  in¬ 
spection  verifies  that  within  the  first  six  miles  of  the  damage 
zone  are  six  dwellings  and  some  outbuildings.  Missouri  Highway 

5  is  immediately  downstream;  Missouri  Highway  129  is  approximately 
four  miles  downstream,  and  U.S.  Highway  136  is  about  eleven  miles 
downstream.  The  valley  is  extensively  farmed  for  its  full  length. 

e.  Ownership.  The  dam  is  owned  by  Chillicothe  Properties,  Inc., 

Garry  Dickinson,  President,  Box  784,  Chillicothe,  Missouri  64601. 

f.  Purpose  of  Dam.  The  dam  impounds  a  1050  acre  recreational  reser¬ 
voir!  It  also  provides  flood  protection  on  North  Blackbird  Creek. 

g.  Design  and  Construction  History.  The  dam  was  designed  by  W.  H. 
Klingner  &  Associates,  Quincy,  Illinois.  Portions  of  the  construc¬ 
tion  plans  for  the  dam  are  included  with  this  report  in  Appendix 

C.  The  dam  was  constructed  in  1965  by  Howard  Construction  Co., 
Sedalia,  Mo.  According  to  Ms.  Quigley,  Uni  on vi lie  City  Clerk, 
this  project  was  financed  by  a  loan  from  the  U.S.D.A.  Farmers 
Home  Administration  (FHA)  to  the  Putnam  County  Lake  Association, 
Inc. 
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h.  Normal  Operating  Procedure.  The  spillways  are  uncontrolled. 

According  to  Mr^  Cawley,  former  Lake  Association  Manager,  the 

reservoir  level  is  lowered  4  feet  every  fall  to  provide  addi¬ 
tional  flood  storage  and  to  protect  shoreline  facilities. 

1.3  PERTINENT  DATA 

a.  Drainage  Area.  15,580  acres  (24.34  square  miles).  Includes 

area  of  Unionville  City  Reservoir  (1.4+sq.  mi.). 

b.  Discharge  at  Damsite. 

(1)  All  discharges  at  the  damsite  are  through  an  uncontrolled 
reinforced  concrete  drop  inlet  (riser)  with  a  reinforced 
concrete  box  conduit  through  the  dam  and  an  uncontrolled 
vegetated  earth  spillway  cut  through  the  left  abutment  with 
a  bituminous  covered  road  normal  to  the  spillway  acting  as 
a  weir  control. 

(2)  Estimated  maximum  flood  at  damsite  -  just  below  crest  of 
emergency  spillway  according  to  report  by  Mr.  Cawley. 

(3)  The  principal  spillway  capacity  varies  from  0  c.f.s.  at 
elevation  969.0  feet  to  1,170  c.f.s.  at  the  cr  st  of  the 
emergency  spillway  (elevation  973.0  feet)  to  1,370  c.f.s. 
at  the  minimum  top  of  dam  (elevation  977.4  feet). 

(4)  The  emergency  spillway  capacity  varies  from  0  c.f.s.  at  its 
crest  elevation  973.0  feet  to  6,900  c.f.s.  at  elevation  977.4 
feet  (minimum  top  of  dam). 

(5)  Total  spillway  capacity  at  the  minimum  top  of  dam  is  8,270 

c.f.s.  +. 

c.  Elevations.  (Feet  above  M.S.L.) 

(1)  Observed  pool  -  968.2 

(2)  Normal  pool  -  969.0 

(3)  Spillway  crests 

Principal  -  969.0 

Emergency  -  973.0  (Minimum,  top  of  roadway) 

(4)  Maximum  experienced  pool  -  972+ 

(5)  Top  of  dam  (minimum)  -  977.4  (Minimum  on  left  end) 

(6)  Stream  bed  at  centerline  of  dam  -  923+ 

(7)  Maximum  tail water  -  Unknown 

d.  Reservoir.  Length  (feet)  of  pool. 

(1)  Principal  spillway  -  28,000+ 

(2)  Emergency  spillway  -  32,000+ 

(3)  Top  of  dam  (minimum)  -  36,050+ 
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e.  Storage  (acre-feet). 


(1)  Observed  pool  -  15,700+ 

(2)  Normal  pool  -  16,500+ 

(3)  Spillway  crest (s) 

Principal  -  16,500  + 

Emergency  -  21,100  + 

(4)  Maximum  experienced  pool  -  20,000  + 

(5)  Top  of  dam  (minimum)  -  27,400  + 

f.  Reservoir  Surface  (Acres). 

(1)  Observed  pool  -  1,000  + 

(2)  Normal  pool  -  1,050  + 

(3)  Spillway  crest  (s). 

Principal  -  1,050  + 

Emergency  -  1,300  + 

(4)  Maximum  experienced  pool  -  1,250  + 

(5)  Top  of  dam  (minimum)  -  1,570  + 

g.  Dam. 

(1)  Type  -  Rolled  earth  fill 

(2)  Length  -  1,700  feet  + 

(3)  Height  -  54.4  feet 
(41  Top  width  -  30  feet 

(5)  Side  slopes.’ 

(a)  Downstream- IV  on  3H  (plans)  IV  on  3H  to  3.4H  (measured) 

(b)  Upstream-lV  on  3H  (plans)  IV  on  3.3H  (measured) 

(6)  Zoning  -  Homogeneous  impervious  fill  with  downstream  shell 
of  random  fill. 

(7)  Impervious  core  -  Homogeneous 

(8)  Cutoff  -  Located  under  upstream  berm,  bottom  width  =  10  feet, 
depth  varies  from  5  feet  to  70  feet. 

(9)  Grout  curtain  -  None 

(10)  Wave  protection  -  Durable  rock  riprap 

(11)  Drains  -  Blanket  and  trench  drain  with  perforated  corrugated 
metal  pipe. 

h .  Spillways. 

(1)  Principal  (uncontrolled) 

(a)  Type.  Reinforced  concrete  drop  inlet  (riser)  with 
inside  dimensions  7  feet  wide  and  18  feet  long  (includ¬ 
ing  8"  anti -vortex  wall).  The  reinforced  concrete  outlet 
conduit  box  is  7  feet  wide  and  6  feet  high. 

(b)  Crest  (invert)  elevation  -  969.0  feet  (M.S.L.) 

Invert  conduit  entrance  elevation  -  954.0  feet  (M.S.L.) 
Invert  conduit  outlet  elevation  -  927.0  feet  (M.S.L.) 

(c)  Length  of  conduit  -  200  feet 

(d)  Energy  Dissipator  -  St.  Anthony  Falls  (S.A.F.)  type 
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Emergency. 

(a)  Type  -  Vegetated  earth,  uncontrolled,  cut  through  left 
abutment.  Bottom  width  and  side  slopes  are  not  well 
defined. 

(b)  Control  Section  -  Bituminous  road  running  normal  to 
spillway  channel  centerline,  approximately  20  feet  wide. 

(c)  Crest  elevation  (minimum  top  of  road)  -  973.0  feet 
(M.S.L.). 

(d)  Upstream  channel  -  Centerline  channel  approach  to  road, 
3.7%  grade. 

(e)  Downstream  channel  -  Centerline  channel  exit  from  road, 
3.1%  grade. 

Diversion  Channel  and  Regulating  Tunnel.  None. 

Regulating  Outlet.  Reinforced  concrete  box  with  14  foot  entrance 
and  4'  x  4 1  conduit.  Operated  by  use  of  slide  gate. 


-5- 


SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 

Plans  for  construction  of  the  dam  were  supplied  by  the  Lake  Owner's 
Association  and  are  included  in  Appendix  C  of  this  report. 

Copies  of  Geologic  Reports,  Logs  of  test  holes  and  Soil  Engineering 
report  were  piovided  by  W.  H.  Klingner  &  Associates  and  are  included 
with  this  report  in  Appendix  E. 

2.2  CONSTRUCTION 

No  construction  data  were  available.  It  was  reported  by  Mr.  Cawley, 
Lake  Owner's  Association's  former  manager,  that  the  dam  was  constructed 
in  1965  by  Howard  Construction  Co.,  Sedalia,  Missouri.  Mr.  Cawley 
worked  for  the  contractor  at  the  time  of  construction.  He  reported 
that  the  dam  was  constructed  according  to  the  plans  and  specifications 
except  that  the  core  trench  was  extended  to  as  much  as  70  feet  in 
depth  in  some  areas  in  order  to  bottom  out  in  blue  glacial  clay. 

2.3  OPERATION 

No  data  were  available  on  spillway  operation.  It  was  reported  by  Mr. 
Cawley  that  the  emergency  spillway  has  never  operated.  The  highest 
reservoir  level  occurred  in  1976  or  1977  when  the  water  reached  the 
level  of  the  roadway  across  the  emergency  spillway.  Mr.  Cawley  also 
reported  that  the  reservoir  level  is  lowered  about  4  feet  during  the 
fall  of  each  year,  by  operation  of  the  drawdown  facility.  Prior  to 
lower  ing  the  lake  level,  the  Association  alerts  about  15  landowners 
downstream  so  that  they  can  move  equipment  and/or  animals  across 
North  Blackbird  Creek  before  the  water  comes  down. 

2.4  EVALUATION 

a.  Availability.  All  data  was  readily  available  from  W.  H.  Klingner 
&  Associates,  the  Lake  Owners'  Association  and  The  Missouri 
Geological  Survey. 

b.  Adequacy.  The  available  data,  field  surveys,  and  visual  obser¬ 
vation  presented  herein  are  considered  adequate  to  support  the 
conclusions  of  this  report.  Seepage  and  stability  analyses 
comparable  to  the  requirements  of  the  "Recommended  Guidelines  for 
Safety  Inspection  of  Dams"  wer o  not  available,  which  is  considered 
a  deficiency.  These  seepage  and  stability  analyses  should  be 
performed  for  appropriate  loading  conditions  (including  earthquake 
loads)  and  made  a  matter  of  record. 
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c,  Validity.  All  data  provided  appears  to  be  valid.  However, 
many  or  the  design  recommendations  and  conclusions  presented  in 
Dr.  Fry’s  Soils  Report  are  not  supported  by  test  data  or 
engineering  analyses. 


SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General .  A  visual  inspection  of  the  Lake  Thunderhead  Dam  was 
made  on  May  6,  1980.  Engineers  from  Hoskins-Western-Sonderegger, 
Inc.,  Lincoln,  Nebraska  making  the  inspection  were:  R.  S.  Decker, 
Geotechnical;  Gordon  Jamison  and  Garold  Ulmer,  Hydrology.  Mr. 

Harold  Cawley,  former  Lake  Owners'  Association  manager,  accom¬ 
panied  the  inspection  team  part  of  the  time. 

b.  Dam. 

(1)  Geology  &  Soils  (abutment  &  embankment)  Soils  in  the  area 
consist  of  a  thin  mantle  of  loess  (CL)  overlying  thick  de¬ 
posits  (up  to  100  feet)  of  glacial  till.  Materials  in  the 
abutments  consist  of  stratified  glacial  till  varying  in 
texture  from  clay  (CL-CH)  to  clayey  sands  (SC)  to  sands  and 
gravels.  Materials  in  the  valley  section  consist  of  alluvial 
silts  and  silty  clays  to  depths  of  10  to  20  feet,  underlain 
by  glacial  silty  sands  and  sands  to  depths  of  50  or  60  feet 
which  is  underlain  by  glacial  clays  (CL-CH).  The  cutoff 
across  the  valley  section  extends  to  depths  of  70  feet  in 
some  places  in  order  to  land  in  CL-CH  materials.  The 
embankment  is  composed  of  good  CL  materials  borrowed  from 
both  abutment  areas. 

(2)  Upstream  Slope  -  The  upstream  slope  looks  good.  It  is  well 
protected  with  durable  limestone  and  quartzitic  sandstone 
riprap  as  shown  in  Photo's  9  and  16.  There  is  some  erosion 
of  the  abutment  at  the  left  end  of  the  riprap  that  extends 
2  or  3  feet  above  the  normal  water  line  as  shown  in  Photo's 

7  and  8.  A  few  small  trees  are  growing  on  the  upstream  slope. 
No  abnormal  deformations  or  slumps  were  observed  on  the  slope. 
Measurements  of  the  exposed  portion  indicate  that  the  slope 
is  slightly  flatter  than  the  3H  on  IV  shown  on  the  plans. 

(3)  Crest.  The  crest  is  paved  with  asphaltic  concrete  as  shown 
in  Photo's  13  and  14.  No  cracks  or  abnormal  deformations 
were  observed  on  the  crest.  Measurements  along  the  crest, 
shown  on  Plate  (C-32),  show  crest  elevations  equal  to  or 
slightly  higher  than  shown  on  the  plans.  This  indicates  that 
anticipated  foundation  consolidation  occurred  during 
construction. 

(4)  Downstream  Slope  -  The  downstream  slope,  shown  in  Photo's 

17  and  30,  is  covered  with  a  dense  growth  of  adapted  grasses. 
The  cover  and  vegetative  litter  is  so  dense  that  it  obscures 
most  surficial  evidence  of  rodent  activity  or  minor  erosions. 
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One  small  rodent  hole  was  observed  (Photo  No.  21),  but 
others  could  be  present.  Measurements  of  the  slope  pre¬ 
sented  on  Plate  C-31  indicate  that  it  is  slightly  flatter 
than  the  IV  on  3H  shown  on  the  plans.  There  is  some  indi¬ 
cation  of  wetness  in  the  surface  drainage  ditch  along  the 
upstream  edge  of  the  berm  as  shown  in  Photo's  20  and  38. 
However,  this  wetness  on  the  berm  appears  to  be  due  to 
imperfect  discharge  of  surface  drainage.  There  were  no 
indications  of  erosion,  bulges,  slips  or  other  deformations 
on  the  slope.  There  were  no  indications  of  seepage  on  the 
slope  or  along  the  toe  of  the  principal  embankment.  However, 
there  is  considerable  seepage  outcropping  around  the  walls 
of  the  sewer  lift  station  located  downstream  from  about 
station  8+00  and  about  100  feet  right  of  the  principal 
spillway  outlet  structure  (S.A.F.  basin).  Plates  C-28,  C-29 
and  C-30  show  the  location  and  plans  for  the  lift  station 
which  will  serve  the  sewer  line  passing  under  the  reservoir 
and  dam  from  the  west  side  of  the  lake.  Photo's  Nos.  23, 

25,  26,  27,  and  28  show  the  seepage  around  the  lift  station. 
The  seepy  area  is  very  spongey  and  semi-bouyant.  Seepage 
discharge  from  the  area,  part  of  which  is  shown  in  Photo  26, 
is  estimated  at  about  1  g.p.m.  The  sewer  line  into  the  lift 
station  is  not  in  use  and  is  capped  at  its  termination  in 
the  bottom  of  the  station  as  shown  in  Photo  No.  39.  The 
floor  of  the  lift  station  is  essentially  dry  as  shown  in 
Photo  No.  40. 

Mr.  William's  reports,  (Appendix  E  -  Division  III)  in  1972 
and  1978,  mentions  seepage  from  a  terrace  on  the  left  abut¬ 
ment.  The  location  of  Mr.  William's  seeps  is  not  known. 

He  may  be  referring  to  seeps  in  the  outlet  of  the  emergency 
spillway  channel  adjacent  to  the  sewage  lagoons  as  shown  in 
Photo's  36  and  37.  (Most  of  this  seepage  appears  to  come 
from  the  north  lagoon).  The  seepage  outcrops  around  the 
lift  station  at  about  elev.  940.  If  this  seepage  was  dis¬ 
charging  through  the  left  abutment,  it  would  appear  that 
the  weep  holes  in  the  principal  spillway  outlet  at  elevation 
928  and  below,  would  be  flowing  since  the  spillway  is  located 
between  the  left  abutment  and  the  lift  station.  It  seems 
likely  that  the  seepage  around  the  lift  station  originates 
from  or  around  the  sewer  line  that  passes  under  the  dam. 

The  outlet  for  the  foundation  drainage  system  was  not  visible 
(covered  with  rocks).  Discharge  from  the  drain  is  ponded 
in  the  old  channel,  downstream  from  the  outlet  and  it  was  not 
possible  to  estimate  the  quantity  (See  Photo  No.  22). 
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There  was  no  indication  of  seepage  in  the  abutment  troughs. 
However,  there  is  a  headcut  about  6  feet  deep  and  a  gully 
in  the  right  abutment  trough  that  extends  from  the  berm 
to  the  toe  of  the  dam.  The  concrete  surface  drain  down 
the  right  abutment  trough  extends  only  from  the  top  of  the 
dam  to  the  berm  and  not  to  the  valley  floor  as  shown  on  the 
plans.  The  sewer  line  which  traverses  the  berm  is  exposed 
in  the  gully  head  cut  in  the  right  abutment  trough  as  shown 
in  Photo  No.  18.  Photo  No.  19  shows  the  end  of  the  concrete 
lined  ditch  and  the  headcut  at  the  upper  end  of  the  gully. 

c.  Appurtenant  Structures. 

(1)  Principal  Spillway.  Measurements  of  the  principal  spillway 
indicate  that  it  was  constructed  according  to  the  plans. 

The  inlet  riser  structure,  trash  rack  and  drawdown  valve 
appear  to  be  in  good  condition.  No  spalling  or  deterioration 
was  observed  in  the  inlet  structure.  The  inlet  is  shown  in 
Photo's  10,  11  and  12.  The  outlet  structure  shown  in 
Photo's  28  and  33,  is  generally  in  good  condition.  Some 
spalling  was  noted  in  the  concrete  headwall  of  the  spillway 
conduit  as  shown  in  Photo  No.  31.  Weep  holes  in  the  outlet 
structure  are  operating  as  shown  in  Photo  No.  34.  A  cotton¬ 
wood  tree  is  growing  immediately  adjacent  to  the  right  wall 
of  the  S.A.F.  basin.  A  large  rodent  hole  was  observed  ad¬ 
jacent  to  the  tree  on  the  right  wall  of  the  S.A.F.  basin. 
Photo's  28  &  29  show  the  tree  and  rodent  hole.  Some  slumping 
and  seepage  was  noted  in  the  right  bank  of  the  earth  channel 
just  downstream  from  the  outlet  structure  as  shown  in  Photo 
No.  32.  All  seepage  was  clear  and  no  boils  were  observed. 
This  seepage  could  be  associated  with  the  seepage  described 
around  the  lift  station. 

(2)  The  emergency  spillway  is  well  vegetated  with  adapted  grasses 
as  shown  in  Photos  3,  4,  5  and  6.  (No  slumps,  erosion  or 
deformations  were  noted  in  the  spillway).  The  asphaltic  road¬ 
way  across  the  dam  crosses  the  spillway  and  serves  as  the 
crest  or  control  section  of  the  spillway.  The  spillway  has 
never  operated.  Some  seep  areas  were  observed  toward  the 
lower  end  of  the  outlet  channel  as  shown  in  Photo  No.  36. 
Discharge  was  clear  and  too  small  to  estimate.  A  consider¬ 
able  amount  of  seepage  was  observed  along  the  left  side  of 
the  outlet  channel,  adjacent  to  the  north  sewage  lagoon. 

Most  of  this  seepage  appears  to  originate  from  the  lagoon(s). 
Seepage  discharge  from  this  area  was  clear  and  estimated  at 

2  to  3  g.p.m.  The  emergency  spillway  channel  discharges  into 
the  exit  channel  for  the  principal  spillway.  Emergency 
spillway  discharges  should  not  encroach  upon  the  dam. 
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(3)  Drawdown  Facilities.  The  drawdown  facility  consists  of  a 
4  ft.  x  4  ft.  conduit  outletting  into  the  principal  spillway 
riser.  It  is  controlled  by  a  rising  stem  slide  gate  located 
in  the  upstream  wall  of  the  riser.  The  facility  appears  to 
be  in  good  condition.  It  is  operated  every  fall  of  the 
year  to  draw  down  the  reservoir  level.  The  drawdown  gate 
valve  is  shown  in  Photo  No.  12. 

d.  Reservoir  Area.  The  reservoir  is  surrounded  by  grassland  and 
woods.  Some  erosion  is  evident  around  the  shoreline,  but  it  does 
not  appear  to  be  serious. 

e.  Downstream  Channel .  The  old  stream  channel  has  been  partially 
filled  and  now  serves  only  as  an  outlet  for  the  toe  drain.  The 
two  spillways  outlet  into  an  excavated  channel  which  is  clear  of 
obstructions  and  pretty  well  stabilized  with  rock  riprap  as  shown 
in  Photo  No.  35.  This  channel  enters  the  old  North  Blackbird 
Creek  channel  about  450  feet  downstream  from  the  toe  of  the  dam. 

3.2  EVALUATION 

This  structure  appears  to  be  constructed  as  shown  on  the  plans  pre¬ 
sented  in  Appendix  C.  The  structure  is  generally  in  good  condition. 

It  appears  to  be  structurally  stable  against  shear  failure.  The 
source  and  potential  detrimental  effects  of  seepage  around  the  lift 
station  should  be  investigated.  Deterioration  of  the  concrete  head- 
wall  around  the  principal  spillway  outlet  could  become  serious  unless 
it  is  repaired.  The  tree  and  rodent  hole  observed  along  the  principal 
spillway  outlet  structure  should  be  removed  and  the  area  restored. 

The  headcut  and  gully  in  the  right  downstream  abutment  trough  could 
ultimately  result  in  considerable  damage  to  the  dam  if  not  repaired. 
The  few  small  trees  should  be  removed  from  the  upstream  face  and  the 
erosion  at  the  left  end  of  the  riprap  should  be  controlled.  Tree 
removal  should  be  done  under  the  guidance  of  a  professional  engineer 
experienced  in  the  design  and  construction  of  dams. 
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SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

The  pool  level  is  primarily  controlled  by  rainfall,  infiltration, 
evaporation,  and  the  capacity  of  the  uncontrolled  spillways.  How¬ 
ever,  the  drawdown  facility  is  opened  during  the  fall  of  each  year, 
and  the  reservoir  level  is  lowered  about  4  feet  below  the  principal 
spillway  crest  elevation.  This  provides  additional  flood  protection 
and  reduces  potential  damage  to  shore  installations  during  the  winter 
and  spring  runoff  periods.  Some  15  landowners  and/or  operators  are 
notified  prior  to  lowering  the  lake  level  so  that  livestock  and 
equipment  can  be  transferred  across  the  North  Blackbird  Creek  before 
the  creek  rises. 

4.2  MAINTENANCE  OF  DAM 

At  the  present  time  there  does  not  appear  to  be  any  regular  mainten¬ 
ance  on  the  structure.  Mr.  Cawley  reported  that  up  until  about  four 
(4)  years  ago  the  downstream  slope  and  emergency  spillway  was  mowed 
twice  a  year,  trees  were  removed,  and  other  general  maintenance  work 
was  performed. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 

The  drawdown  facility  appears  to  be  maintained  in  satisfactory  con¬ 
dition. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 
There  is  no  warning  system  in  effect  for  this  dam. 

4.5  EVALUATION 

A  program  of  regular  maintenance  needs  to  be  established  so  that  cor¬ 
rective  measures  can  be  taken  prior  to  problems  becoming  major  in 
scope.  Most  of  the  deficiencies  observed  during  the  field  inspection 
can  be  attributed  to  the  lack  of  regular  maintenance.  The  lowering 
of  the  lake  each  fall  should  be  continued. 


-12- 


SECTION  5  -  HYDRAULIC/ HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  Plans  for  the  dam,  as  prepared  by  W.  H.  Klingner 
and  Associates,  Consulting  Engineers,  Quincy,  Illinois,  were 
obtained  from  the  Lake  Owners'  Association. 

b.  Experience  Data.  The  drainage  area,  reservoir  surface  area,  and 
elevation-storage  data  were  developed  from  the  USGS  Lake  Thunderhead 
and  Unionville  West,  Missouri  7  1/2  minute  topographic  quadrangle 
maps  and  other  data  prepared  by  W.  H.  Klingner  &  Associates  and 
presented  in  the  Plans  shown  in  Appendix  C.  The  hydraulic  compu¬ 
tations  for  the  spillway  and  dam  overtopping  discharge  ratings 

were  based  on  plan  specifications  and  data  collected  in  the  field 
at  the  time  of  the  field  inspection. 

c.  Visual  Observations. 

(1)  The  principal  spillway  appears  in  good  condition  except  for 
the  spalling  of  the  concrete  at  the  headwall  at  the  downstream 
end  of  the  reinforced  concrete  box  conduit.  There  is  some 
shoreline  erosion  at  the  entrance  to  the  emergency  spillway. 
Otherwise  it  appears  to  be  in  good  condition. 

(2)  The  emergency  spillway, exit  channel  and  the  transverse  asphalt 
surfaced  road  across  the  spillway  channel  appear  to  be  in 
good  condition.  Spillway  releases  will  not  endanger  the  in¬ 
tegrity  of  the  dam. 

(3)  Riprap  on  the  upstream  face  of  the  dam  is  excellent. 

d.  Overtopping  Potential.  The  spillways  are  too  small  to  pass  the 
probable  maximum  flood  without  overtopping.  The  spillways  will 
pass  the  1%  probability  flood  as  well  as  40£  of  the  probable 
maximum  flood  without  overtopping  the  dam.  Overtopping  by  the 
probable  maximum  flood  could  be  expected  to  result  in  erosion 
of  the  crest  and  embankments  and  subsequent  failure  of  the  dam. 

The  results  of  the  routings  through  the  dam  are  tabulated  in 
regards  to  the  following  conditions: 

Inflow  Outflow  Maximum  *  Maximum  Depth  Duration 


Discharge 

c.f.s. 

Discharge 

c.f.s. 

Pool 

Elevation 

Over  Dam 
Feet 

Over  Top 
Hours 

1/2  PMF 

29,200 

12,600 

978.4 

1.0 

7 

PMF 

58,600 

45,400 

981.6 

4.2 

13 

0.40  PMF 

23,500 

8,100 

977.4 

0 

— 

♦Minimum  top  of  dam  elevation  -  977.4 


According  to  the  recommended  guidelines  from  the  Department 
of  the  Army,  Office  of  the  Chief  of  Engineers,  this  dam  is 
classified  as  having  a  high  hazard  rating  and  an  intermediate 
size.  Therefore,  the  Probable  Maximum  Flood  is  the  test  for 
the  adequacy  of  the  dam  and  its  spillway. 

The  estimated  damage  zone  is  described  in  Paragraph  1 . 2d  in  this 
report. 
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SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observation.  This  dam  appears  to  be  structurally  stable 
from  the  standpoint  of  shear  strength.  The  side  slopes  are 
slightly  flatter  than  planned,  and  there  are  no  signs  of  distress. 
The  source  of  seepage  around  the  lift  station  and  its  effect  on 
stability  is  not  known.  If  the  source  of  the  seepage  is  related 
to  the  placement  and/or  the  integrity  of  the  sewer  line  under 

the  embankment,  this  seepage  could  impair  the  integrity  of  the 
dam  through  piping  and  excessive  uplift  if  it  is  left  uncontrolled. 

b.  Design  and  Construction  Data.  The  structure  appears  to  be  con¬ 
structed  in  accordance  with  the  plans  provided  by  W.  H.  Klingner 
&  Associates.  Shear  strength  and  other  analytical  parametric 
data  were  not  available.  Seepage  and  stability  analyses  compar¬ 
able  to  the  requirements  of  the  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams"  were  not  available  which  is  considered  a 
deficiency.  Construction  data  were  not  available.  However,  Mr. 
Cawley,  who  worked  for  the  contractor  at  the  time  of  construction, 
reported  that  the  contractor  followed  the  construction  specifica¬ 
tions.  The  specifications  for  Class  I  fill  called  for  95%  of 
maximum  ASTM  D698  at  moisture  contents  of  optimum  +  2%. 

c.  Operating  Records.  No  operating  records  were  available.  Mr. 

Cawley  reported  that  the  reservoir  is  lowered  4  feet  each  fall 
through  the  drawdown  facility.  He  also  reported  that  the  emergency 
spillway  has  not  operated. 

d.  Post  Construction  Changes.  A  6-inch  cast  iron  pipe  waterline  and 
a  10-inch  clay  pipe  sewer  line  were  installed  along  the  downstream 
berm  of  the  embankment  in  1968  or  1969.  Plans  for  these  lines 
are  shown  on  Plates  C-27,  C-28,  C-29  and  C-30.  Installation  of 
these  service  facilities  on  the  berm  do  not  appear  to  have  any 
adverse  affect  upon  the  stability  of  the  dam.  Photo  No.  24  shows 
one  of  the  manholes  for  the  sewer  line  across  the  berm. 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  1. 

An  earthquake  of  the  magnitude  predicted  in  this  area  is  not 
expected  to  cause  structural  failure  of  this  dam. 
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SECTION  7  -  ASSESSMENT/ REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety.  This  structure  appears  to  be  in  relatively  good  condition. 
Stability  and  seepage  analyses  were  not  available  which  is  con¬ 
sidered  a  deficiency.  The  source  and  effects  of  seepage  discharg¬ 
ing  around  the  lift  station  downstream  from  about  station  8+00 
should  be  determined.  Several  deficiencies  in  maintenance  were 
noted  and  should  be  corrected.  These  include:  lack  of  mowing 

(or  other  control )  of  the  heavy  grass  cover  on  the  downstream 
slope;  erosion  in  the  right  abutment  trough  downstream  from  the 
berm;  concrete  deterioration  in  the  outlet  headwall  of  the  princi¬ 
pal  spillway;  tree  growth  and  rodent  activity  along  the  right  wall 
of  the  principal  spillway  outlet;  tree  growth  on  the  upstream  face; 
and  some  erosion  in  the  abutment  at  the  termination  of  the  riprap 
on  the  left  end  of  the  dam  and  apparent  accumulation  of  surface 
drainage  along  the  upstream  side  of  the  berm.  Analyses  performed 
for  this  report  indicate  that  the  spillways  will  pass  the  1% 
probability  flood  and  about  40%  of  the  PMF  without  overtopping 
the  dam.  These  analyses  include  inflow  that  would  result  from 
breaching  the  Unionville  City  Reservoir,  located  just  upstream 
from  this  reservoir.  Overtopping  by  the  probable  maximum  flood 
could  be  expected  to  result  in  erosion  of  the  crest  and  embankments 
and  subsequent  failure  of  the  dam. 

b.  Adequacy  of  Information.  The  conclusions  in  this  report  are  based 
upon  performance  history  and  visual  observations.  Seepage  and 
stability  analyses  comparable  to  the  requirements  of  the  "Recom¬ 
mended  Guidelines  for  Safety  Inspection  of  Dams"  were  not  available 
which  is  considered  a  deficiency. 

c.  Urgency.  A  program  should  be  developed  as  soon  as  possible  to 
monitor  at  regular  intervals  the  deficiencies  described  in  this 
report.  The  remedial  measures  recommended  in  paragraph  7.2b 
should  be  accomplished  in  the  near  future.  The  item  recommended 
in  paragraph  7.2a  should  be  pursued  on  a  high  priority  basis. 

d.  Necessity  for  Further  Investigations.  The  additional  studies  and 
analyses  recommended  in  paragraph  7.2  should  be  accomplished  by 
the  owner  in  the  near  future. 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  1.  An 
earthquake  of  this  magnitude  is  not  expected  to  be  hazardous  to 
this  dam.  It  is  recommended,  however,  that  the  prescribed  seismic 
loading  for  Seismic  Zone  1  be  applied  in  any  stability  analyses 
performed  for  this  dam. 
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7.2  REMEDIAL  MEASURES 


The  following  remedial  measures  and  maintenance  procedures  are  recom¬ 
mended.  All  remedial  measures  should  be  performed  under  the  guidance 
of  a  registered  professional  engineer  experienced  in  the  design  and 
construction  of  earth  dams. 

a.  A1 ternatives. 

(1)  The  spillway  size  and/or  the  height  of  dam  should  be  increased 
to  pass  the  probable  maximum  flood  without  overtopping  the  dam 

b.  Operation  and  Maintenance  Procedures. 

(1)  Stability  and  seepage  analyses  comparable  to  the  requirements 
of  the  " Recommended  Guidelines  for  Safety  Inspection  of  Dams" 
should  be  performed  for  appropriate  loading  conditions,  includ 
ing  seismic  forces.  These  analyses  should  be  performed  by  a 
professional  engineer  experienced  in  the  design  and  construc¬ 
tion  of  dams. 

(2)  Studies  should  be  conducted  to  determine  the  source  and 
effects  of  seepage  discharging  around  the  sewage  lift  station. 
This  may  require  installation  of  piezometers  and/or  closed 
circuit  television  inspection  of  the  sanitary  sewer  line  which 
passes  under  the  reservoir  and  the  dam.  This  should  be  done 
under  the  guidance  of  a  professional  engineer  experienced  in 
the  design  and  construction  of  dams.  Remedial  measures  may 

be  required. 

(3)  The  trees  growing  on  the  upstream  slope,  as  well  as  the  trees 
growing  along  the  right  wall  of  the  principal  spillway,  should 
be  removed  under  the  guidance  of  a  professional  engineer 
experienced  in  the  design  and  construction  of  dams. 

(4)  Additional  riprap  should  be  placed  on  the  left  end  of  the  dam. 

(5)  The  headcut  and  gully  erosion  in  the  right  abutment  trough 
downstream  from  the  berm  should  be  repaired  and  measures  taken 
to  control  future  erosion  in  this  area. 

(6)  The  slumps  and/or  slides  in  the  right  bank  of  the  scour  hole 
downstream  from  the  principal  spillway  outlet  should  be 
repaired  and  stabilized. 

(7)  The  concrete  deterioration  in  the  headwall  of  the  principal 
spillway  outlet  should  be  repaired. 

(8)  The  grass  on  the  downstream  slope  should  be  mowed  and  measures 
taken  to  control  the  growth  and  amount  of  litter  that  accumu¬ 
lates.  Rodent  holes  or  other  surface  scars  revealed  by  the 
mowing  should  be  repaired. 
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(9)  The  rodent  hole  along  the  right  wall  of  the  principal  spill¬ 
way  outlet  should  be  repaired. 

(10)  A  program  of  periodic  inspection  and  maintenance  should  be 
initiated  in  order  to  protect  the  integrity  of  the  dam. 
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APPENDIX  8 
PHOTOGRAPHS 


LAKE  THUNDERHEAD  DAM  |  PHOTO  INDEX 
PUTNAM  COUNTY,  MISSOURI 
MO  10007 


PLATE  B-l 


PHOTO  NO.  2  -  OVERVIEW  OF  DAM  FROM  UPSTREAM  ON  LEFT 
ABUTMENT 


PHOTO  NO.  3  -  EMERGENCY  SPILLWAY  CREST  TAKEN  FROM  LEFT  END 


PLATE  B-2 


PHOTO  NO.  6  -  EMERGENCY  SPILLWAY  CHANNEL  AND  SEWAGE 
LAGOONS  FROM  LEFT  END  OF  DAM 


PHOTO  NO.  7  -  EROSION  ON  UPSTREAM  SLOPE  NEAR  BEND  IN 
CENTERLINE  ON  LEFT  END 


PHOTO  NO.  8  -  UPSTREAM  FACE  FROM  LEFT  END 


S  I 
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PLATE  B-5 


PHOTO  NO.  11  -  DOWNSTREAM  BAY  OF  PRINCIPAL  SPILLWAY  INLET 


PLATE  B-6 


PHOTO  NO.  13  -  CREST  FROM  CURVE  TOWARD  LEFT  END  LOOKING 


PHOTO  NO.  12  -  UPSTREAM  BAY  OF  PRINCIPAL  SPILLWAY  INLET 
SHOWING  SLIDE  GATE 


SOUTH 


PHOTO  NO.  14  -  CREST  FROM  CURVE  IN  DAM  LOOKING  NORTH 


PHOTO  NO.  15  -  VIEW  DOWNSTREAM  SHOWING  OLD  CHANNEL  AND 
HIGHWAY  BRIDGE  IN  BACKGROUND 


PHOTO  NO.  17  -  DOWNSTREAM  FACE  FROM  RIGHT  END 


PLATE  B-9 
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PHOTO  NO.  18  -  GULLY  ERODED  IN  RIGHT  ABUTMENT  TROUGH 
DOWNSTREAM  FROM  BERM 


PHOTO  NO.  19  -  CONCRETE  LINED  DITCH  IN  RIGHT  ABUTMENT 

TROUGH.  GULLY  BEGINS  AT  END  OF  LINED  DITCH 


PLATE  B- 10 


PHOTO  NO.  20  -  CATTAILS  AND  WILLOW  TREE  (BACKGROUND) 
GROWING  IN  DITCH  IN  BERM 


PHOTO  NO.  21  -  SMALL  RODENT  HOLE  IN  DOWNSTREAM  SLOPE 


PHOTO  NO.  22  -  VIEW  DOWNSTREAM  IN  OLD  CHANNEL.  WATER  IS 
THE  DISCHARGE  FROM  TOE  DRAIN 


LIFT  STATION 


PLATE  B-12 


PHOTO  NO.  24  -  MANHOLE  ON  SANITARY  SEWER  CROSSING  THE  BERM 


PHOTO  NO.  25  -  SEEP  AREA  AROUND  HR  STATION.  VIEW  LOOKING 
EAST 
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PHOTO  NO.  26  -  SEEPAGE 

DISCHARGE  FROM  LIFT 
STATION  AREA.  LIFT 
STATION  IN  BACKGROUND 


PHOTO  NO.  27  -  SEEPAGE  AROUND  UPSTREAM  SIDE  OF  LIFT  STATION 


PLATE  B- 14 


PHOTO  NO.  28  -  PRINCIPAL  SPILLWAY  OUTLET  WITH  LIFT  STATION  AND 
SEWER  LINE  TO  RIGHT 


PLATE  B- 15 


PHOTO  NO.  34  -  WEEP  HOLES  IN  LEFT  WALL  OF  PRINCIPAL  SPILLWAY 
OUTLET  CHANNEL 


PHOTO  NO.  35  -  LOWER  END  OF  OUTLET  CHANNEL  FOR  PRINCIPAL 
SPILLWAY 


PLATE  B-18 


PHOTO  NO.  36  -  SEEP  IN  OUTLET  CHANNEL  OF  EMERGENCY  SPILLWAY. 

CATTAILS  GROWING  ALONG  BASE  OF  SEWAGE  LAGOONS 


PHOTO  NO.  37  -  SEEPAGE  FROM  SEWAGE  LAGOONS 
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PHOTO  NO.  38  -  SURFACE 
DRAIN  DITCH  ALONG  BERM 


PHOTO  NO.  39  -  CONNECTION  OF  SEWER  LINE  UNDER  DAM  WITH 
LIFT  STATION 


PLATE  B-20 


PHOTO  NO.  40  -  OUTLET  FOR  DRAIN  IN  BOTTOM  OF  LIFT  STATION. 

DRAIN  PIPE  OUTLET  SHOWN  IN  PHOTO  NO.  32 


PHOTO  NO.  41  -  FARMSTEAD  ABOUT  1  MILE  DOWNSTREAM  ON  LEFT  SIDE 
OF  NORTH  BLACKBIRD  CREEK.  .  PHOTO  TAKEN  LOOKING 
NORTH  FROM  CREEK. 


PLATE  B-21 


PHOTO  NO.  42  -  FARMSTEAD  SHOWN  IN  PHOTO  NO.  41.  PHOTO 
TAKEN  LOOKING  SOUTH  TOWARD  FLOOD  PLAIN 


PHOTO  NO.  43  -  FARMSTEAD  ON  RIGHT  SIDE  OF  NORTH  BLACKBIRD 
CREEK  APPROXIMATELY  1  MILE  DOWNSTREAM. 
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APPENDIX  D 

HYDRAULIC  AND  HYDROLOGIC  DATA 


HYDROLOGIC  COMPUTATIONS 


1.  The  SCS  dimensionless  unit  hydrograph  and  the  systemized  computer 
program  HEC-1  (Dam  Safety  Version),  July  1978,  prepared  by  the 
Hydrologic  Engineering  Center,  U.S.  Corps  of  Engineers,  Davis, 
California,  were  used  to  develop  the  inflow  hydrographs  (See  this 
Secti  on) . 

a.  Forty-eight  hour,  1  percent  probability  rainfall  for  the  dam 
location  was  taken  from  the  data  for  the  rainfall  station  at 
Kirksville,  Mo.  as  supplied  by  the  St.  Louis  District,  Corps  of 
Engineers  per  their  letter  dated  4  March  1980.  The  forty-eight 
hour  probable  maximum  precipitation  was  taken  from  the  curves 

of  Hydrometeorological  Report  No.  33  and  current  Corps  of  Engineers 
and  St.  Louis  policy  and  guidance  for  hydraulics  and  hydrology. 

b.  Drainage  area  =  24.34  square  miles  (15,580  acres).  Includes  area 
of  upstream  Unionville  City  Reservoir  (1.4+  sq.  mi.). 

c.  Time  of  concentration  of  runoff  =  5.17  hours  (computed  from 
"Kirpich"  formula,  with  longest  length  broken  into  three  sections 
then  totaled). 

d.  The  antecedent  storm  conditions  for  the  probable  maximum  preci¬ 
pitation  were  heavy  rainfall  and  low  temperatures  which  occurred 
on  the  previous  5  days  (SCS  AM C  III).  The  antecedent  storm  con¬ 
ditions  for  the  1  percent  probability  precipitation  were  an  average 
of  the  conditions  which  have  preceded  the  occurrence  of  the  maxi¬ 
mum  annual  flood  on  numerous  watersheds  (SCS  AMC  II).  The  initial 
pool  elevation  was  assumed  at  the  crest  of  the  riser.  No  antece¬ 
dent  storm  was  required  due  to  the  utilization  of  the  forty-eight 
hour  storm. 

e.  The  total  forty-eight  hour  storm  duration  losses  for  the  1  percent 
probability  storm  were  2.26  inches.  The  total  losses  for  the  PMF 
storm  were  1.03  inches.  These  data  are  based  on  SCS  runoff  curve 
No.  79  and  No.  91  for  antecedent  moisture  conditions  SCS  AMC  II 
and  AMC  III  respectively.  The  watershed  is  composed  of  primarily 
SCS  hydrologic  soil  groups,  B,  C  &  D.  (Seymour  (C)  -  Adair  (D)  - 
Shelby  (B)  soil  association).  Area  is  about  80%  crops  and  20% 
forested  and  pasture.  Row  crops  are  predominant  with  very  little 
being  contoured  or  terraced. 

f.  Average  soil  loss  rates  =  0.05  inch  per  hour  approximately. 

2.  The  discharge  ratings  for  the  principal  spillway  were  developed  using 
equations  for  orifice  and  weir  flow.  They  are  as  follows: 
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a.  Orifice  flow  equation  (Q  3  CAy/  2gH ) 

where  C  =  orifice  coefficient  3  0.6  of  weir  crest,  .9  at  conduit 

?  entrance. 

A  =  area  of  opening,  ft*  =  121.4 
H  *  total  head,  ft. 

b.  Weir  flow  equation  (Qw  3  CLH*-^) 

where  C  =  weir  coefficient  =  3.0  (from  SCS  Engr.  Memo  50) 

L  =  length  of  weir,  ft.  =  58.6 
H  3  total  head,  ft. 

The  emergency  spillway  discharge  rating  was  developed  using  methods 
for  flow  over  Highway  Embankments  in  U.S.G.S.  TWRI,  Bk.  3,  Ch.  A-5 
(coefficients  based  on  h/L  ratios,  paved  road  surface,  and  no  submergence). 

The  flows  over  the  dam  crest  were  developed  using  the  HEC-1  (Dam  Safety 
Version)  program  using  the  irregular  top  of  dam  option. 

Floods  were  routed  through  the  reservoir  using  the  HEC-1  (Dam  Safety 
Version)  program  to  determine  the  capabilities  of  the  spillway  and  dam 
embankment  crest.  A  24-hour  PMF  storm  was  first  routed  through  the 
upstream  Unionville  City  Reservoir  dam  using  data  obtained  from  plans. 

The  upstream  dam  spillway  passed  the  PMF  storm  so  a  breach  was  not 
considered  necessary  for  routing  through  Thunderhead  Reservoir.  The 
upstream  reservoir  was  then  routed  in  series  using  the  48-hour  storm. 

The  input,  output,  and  plotted  hydrographs  are  exhibited  in  this  Section. 
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Hosuits  or  the  soils  investigation  that  has  beer. 

\ 

conducted  at  the  site  of  the  proposed  dan  in  Putnam  County 
Missouri  are  summarised  in  thi3  report.  Laboratory  testing 
and  analysis  ha3  been  authorized  by  Mr.  Earle  Chamness  cf 

vm.  H.  Klingner  and  Associates 9  Consulting  Engineers?  acting 
in  behalf  cf  the  Pufcnara  County  Lake  .-33001  at  ion,  sponsors  of 
the  or eject.  Soring  and  sampling  operations  were  conducted  by 

the  Kissouri  Conservation  Commission  under  the  direction  of  the 
Consulting  Engineers.  - 

SITE  DESCRIPTION 

Site  of  th9  proposed  earth  dam  is  located  in  the 
valley  of  Blackbird  Creek  about  1000  feet  west  of  State  Route 
J?  north  of  tfnlonville,  Missouri.  The  stationing  used  to  desig¬ 
nate  the  centerline  of  the  proposed  dam  originates  on  the  north 
abutment  and  terminates  at  Station  16'  +  90  on  the  south  abutment. 
3orings  located  on  the  basis  of  a  oreliminary  centerline  survey 
originated  at  Station  0  on  the  north  abutment  and  terminated  at 
Station  16  +  25  on. the  south  abutment.  Exact  location  of  these 
two  15.nss  one  of  all  the  borinrs  is  indicated  on  the  Soil  Boring 
location  flan  nrorvared  by  rG.inrr.er  and  Associates?  dated  October,, 
The  vails-"'  floor  at  tl  d?r>  sire  is  quite  levs!  and  exist? 
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.t  "or.3  rent  a  ^ov-tmer. 
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rise.-  .’rom  the  valley  floor  to  elevation  9??  between  Station  7  -r 

60  and  0.  The  ground  surface  is  somewhat  steeper  at  the  3outh 
abutment  where  the  elevation  changes  from  935  to  977  between 
Stations  li|  +20  and  16  +  90.  At  the  north  abutment  the  maximum 
elevation  is  about  977. 

Elevations  in  excess  cf  1020  are  reported  for  the 
ground  surface  above  the  terminus  of  th-’  r’a-s  at  the  south 

abutment. 

Currently  the  main  channel  of  3iackbird  Creak  ie 
about  25  foet  wide  and  has  a  maximum  depth  of  about  7  fast. 

V/tth  a  cre3t  elevation  of  about  977  and  a  water  elevation  of 
970  the  Impounded  lake  will  have  a  surface  area  of  about 
1200  acres . 

Both  of  the  abutments  at  this  site  consist  of 
material  derived  from  the  activities  of  rlacisrc.  3y  means  of. 
borings  ar.d  laboratory  tests  on  representative  samples  the 
character' stica  of  this  glacial  drift  have  been  established, 

The  relatively  flat  valley  bottom  results  from  the  deposition 
of  alluvium  in  &  valley  that-  was  carved  into  the  glacial  tiV* , 

.•*  rir -•  :z  node-  cc-  determine  the  otl.  cxd  character  si  i • 
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In  iho  "foposed  borrow  areas  located  in  the  ab'atr-ifmta.  ivonvy- 
six  machine  auger  borings  were  made  at  the  locations  shewn  on 

the  Soil  Boring  Location  Hap.  In  addition,  hand  auger  borings 
were  made  at  inaccessible  locations  upstream  from  the  centerline 
of  the  proposed  dam*  Depth,  of  drilling  varied  considerably  de¬ 
pending  on  the  location  of  the  boring.  In  general;,  the  borings 
in  the  glacial  till  were  drilled  to  a  depth  sufficient  to  insure 
the  uniformity  of  the  deposit.  Borings  in  the  borrow  area  were 
drilled  below  the  maximum  depth  of  the  proposed  borrow  sxcavatio 

All  borings  in  the  stream  valley  were  drilled  to  the 
gray  clayey  silt  glacial  till  that  underlies  the  alluvium. 

Standard  penetration  tests  wore  performed  at  scl-QC-c? 
elevations  as  the  borings  progressed.  This  test  is  performed 
by  driving  a  1  3/S  inch  inside— 2  inch  outside  diameter  split 

v 

spoon  sampler  into  the  undisturbed  3oil  at  She  bottom  of  the 
drill  hole  by  means  of  a  U4.O  pound  weight  falling  a  distance  of 
30  Inches,  The  number  of  blows  required  to  drive  this  sampler  p. 
distance  of  12  inches  is  known  aa  the  nHn  value  of  the  soil  and 
is  recorded  on  the  boring  logs.  The  rtBn  values  are  a  reliable 
measure  of  the  relative  density  of  cohesionless  soils  and  can  b\ 
li.-'-.d  to  estimate  the  consistency  of  cohesive  coili . 
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Undisturbed  samples  from  the  alluvium  were  obtu.;.rsc 

by  pressing  3**lneh.  diameter  seamless  tube  samplers  into  the 
undisturbed  soil  bottom  of  the  drill  hole  located  near  Station 
12  +  95*  These  samples  were  sealed,  in  the  field  and  transported 
to  the  laboratory  for  extrusion  and  testing* 


LABORATORY  TESTBTS  y.-'  • 

Laboratory  tests  on  samples,  obtained  from  the  borings 
included  visual  descriptions,  moisture  content  determinations, 
unconfined  compression  test3,  Attcrberg  limit  determinations. 
Standard  Proctor  moisture-density  tests,  and  compression  tests 
on  compacted  samples*  All  of  these  tests  were  performed  during 
September  and  October  by  experienced  engineers.  Results  of  these 
tests  are  summarized  in  Tables  I,  IX  and  III,  tho  boring  logs,  and 
on  tiie  Standard  Proctor  curves  appended  to  this  report.  Test  data 
coupled  with  the  field  boring  logs  are  used  as  a  basis  for  de¬ 
lineating  and  describing  the  different  soil  strata  encountered 
at  this  site* 


SOIL  CCRDITI QMS 

It  is  convenient  to  divide  the  deposits  at  this  site 
into  three  separate  groups  when  describing  the  subsoil  conditions. 
The  three  groups  include  the  glacial  till  ir  the  abutment  areas, 
the  alluvium  in  the  stroam  valley  and  the  glacial  till  ir.  the 
borrow  area.  The  glacial  till  in  the  abutment  is  ths  sau* 

as  the  till  In  the  borrow  area.  However,  it  is  eorvonionc 
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bankraant.  Specific  details  pertaining  fco  us*  of  the  borrow 
material  will  be  dircusssd  in  a  later  section  of  the  report. 


...  Soils  encountered  in  the  abutment  areas  consist  of 
very  stiff  to  hard  compact  glacial  till*  “Ha  values  from  the 

•  ’  -V^.  \*t- tv--.-  r  .  . 

•  v.  ‘  *-'  ■.•  a.-  i  *'%i 

standard  penetration  teat  conducted  on  these  soils  range  from 

14  to  65,  and  the  uneonfined  compressive  strength  varies  from 

5  to  10  tons  par  square  foot.  Natural  water  content  ranges 

from  12  ,to  15  percent.  Near  tho  surface  the  predominant 

color  is  brown,  but  the  color  changes  gradually  with  depth,  and 

below  a  depth,  of  about  25  feet  the  color  is  predominantly  gray. 

Throughout  the  profile  this  till  is  characterized  by  the  oresance 

of  coarse  sand  grains  and  small  pebbles.  Grain  sizo  tests  cr. 

four  representative  samples  of  thi3  material  are  shown  in  Tabic  If 

'  *% 

Nearly  all  of  the  soil  parses  the  Number  10  sieve,  and  more  then 
70  percent  posses  the  Number  200  sieve.  Grain  size  tests  on  the 
four  samples  from  the  borrow  areas  (zlso  shown  in  Table  X) 
indicate  the  same  grain  size  distribution  for  the  glacial  till 
in  the  borrow  area  near  the  south  abutment* 

The  variable  character  of  the  alluvium  in  the  stream 
i3  indicated  on  the  soil  profile  shown  in  Figure  1  and  on  the 
individual  boring  logs*  A  layer  of  stratified  grey  silt  cTu\w 
clayey  silt  was  encountered  *»o*r  th«  ..n*cuud  ou.vft :>•>  v-  - 
e.f  the  borings.  The  thickness  of  this  layer  variut  it.  f  '  .•> 
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”•-••-  squcre  foot.  In  general,  the  natural  moisture  content  of 
this  layer  increases  with  depth.  The  range  in  water  content  is 

1G  to  30  percent  with,  most  of  the  values  lying  within  the  range 
of  15  to  25  oereexit*  This  relatively  wide  range  in  moisture 

•  ^  .^r  •••  ./.  .  JU-te 

.••  ;  •  V  •'  -*•'*  *  "  ♦5"J  *-.• .  - 

oontents  is  caused  by  desiccation  of  the  upper  portion  of  the 
layer  and  by  the  presence  of  silty  or  sandy  leases  in  the 
tost  specimens.  “H5*  values  for  tests  performed  in  th^s  strata 
ran?;©  from  2  to  11  and  the  average  is  about  6.  Horizontal  strat¬ 
ification  of  ths  sodiments  is  more  pronounced  in  ths  lower  portion 
of  th±3  strata*  Such  a  stratification  indicates  that  the  pemea- 
bility  in  the  horizontal  direction  Is  greater  than  in  the  vertical 

direction.  Since  the  soil  in  this  layer  13  oredcminantly  fine 

v 

grained  it  is  obvious  that  ths  permeability  will  be  quite  low 
axcept  in  the  strata  which  contain  appreciable  portions  of 
sand*  One  undisturbed  sample  was  taken  frera  the  upper  layer  at 
Station  12  +  96.  The  sample  was  recovered  from  a  depth  of  6 
foot#  The  unconfined  compressive  strength  of  this  sample  was 
0.78  tons  per  square  foot,  and  the  natural  water  content  was 
2U.3  percent.  Liquid  limit  Of  the  sample  was  32,  and  the  plastic 
limit  was  20*  This  sample  i3  classified  as  an  inorganic  clay  of 
low  plasticity,  CLj  according  to  the  Unified  Soil  01 ratification 
-.es\*  The  fact  that  tbs  natural  wafer  content  ila  closer  to  tho 
vl'i  .tic  7.i.rit  vhsr  tho  lie  C  limit  an  li  oar  os  that  thyr  sver  v 
>?”■:  "v f-- :  '  detsd  b~  a  at-.-r.sr  in  excess  of  tho  cr^  i-hich  ?•?::*  ,rfr 

f.h-s  rrsonr.t  time ,  a 
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logs  indicate  the  grain  size  increases  with  depth,  and  in  -c.is 
holes  the  sand  varied  from  fine  near-  the  top  of  the  layer  to 

coarse  near  the  bottom*.  There*  is  acme  evidence  or  stratification 
In  this  strata*  The  permeability  of  the  sandy  alluvium  la  suf- 
ficlent  to  caaaa  seepage  losses  beneath  the  dam  as  well  as  giving 
rise  to  the  danger  of  piping  due  to  seepage.  Grain  size  deter¬ 
minations  on  samples  of  the  sand  indicate  that  this  material 
would  be  classified  as  silty  sand,  3K.  There  ?:as  an  anprsczable 
3llt  content  in  most  of  the  szimples  obtained  from  this  sandy- 
layer^  Thickness  or  the  aand  layer  varies  from  a  few  fast  near 
the  north  abutment  to  a  maximum  of  2$  foot  at  Station  13  +  00. 

All  of  the  alluvial  sediments  in'  the  valley  bottom  are 
underlain  by  a  strata  of  c ray  clayey  silt  which  contains  aom9 
coarse  aand  and  pebbles.  This  stiff  coh33ive  material  is  of 
glacial  origin  and  is  similar  to  the  glacial  till  of  the  abut- 

■i  ■ 

ment  end  borrow  areas*  The  distance  from  ground  surface  tc  ths 
top  of  this  Impermeable  strata  is  about  32  feet  between  Stations 
7  +  00  and  12  +  00*.  Between  12  +  00  and  13  +  50  the  average 
depth  to  the  glacial  till  is  variable  and  reaches  a  maximum  of 
US  feet  in  the  vicinity  of  Station  13  +  50. 

In  addition  to  the  primary  strata  that  ha ;c  raen 
er-ihed  sevex*a?.  distinct  minor  lenser  or  tr  .■■■'*■ -i.  >.\  <•  ••••  • 

i.i  uoveral  of  the  borinys %  In  general  siv^e  layer-*  v.v v-.. 

*<•  it-c  1*  :.ii  fc.;.  d  in  ('-I:--.  1?'  ~  later:-.!  air--  -  p  *  •  \.:- 
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orcl'lla. 


Boring  made  beta  upstream  and  downstream  from  ths 


centerline  of  the  proposed  dam  are  quite  similar  to  the  3©rias 
of  borings  made  along  the  centerline. 

Ground  water  level  in  the  valley  bottom  varies  from 
10  to  2$  feet  below  tha  ground  surface,  Averru©  depth  to  the 
free  water  was  about '  13  feet  when  the  borings  vre  made  during 
the  month  of  August.  It  is  anticipated  that  this  water  level 

will  be  encountered  at  somewhat  highar  3levations  during  the 

wet  season  of  the  year.  Excavation  of  a  cut-off  trench  below 

the  water  table  will  reouire  special  de-watering  considerations 

in  order  to  maintain  stability  of  ths  slopes  during  construction 

» 

operations. 

It  has  been  noted  already  that  the  subsoil  in  the 
borrow  areas  13  essentially  the  sane  as  that  in  the  abutment 
aroas.  'Two  separate  borrow  areas  wero  investigated  in  fchts 
course  of  tills  investigation.  A  total  of  four  borings  were 
drilled  in  the  area  south  of  the  dam.  These  borings  are  desig¬ 
nated^!  through  If,  and  the  location  is  indicated  on  the  Soil 
Coring  Location  Hap.  Borings  5*  7  and  0-37?.  were  drilled  in 

the  borrow  area  at  the  r.orfch  abutment.  A  largo  roprsneu ta -ire 
3S.ir.olo  of  the  soil  encountered  in  each  hole  war  iv-Aic  i... 
laboratory.  The  recults  of  ths  tests  are  sumrc?v:;.:.-d  ir.  ..sLlcs  I 
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The  i'33ul"3  of  the  Atterbar-g  lamit  test;  &«d 
rise  ce  ierminati ons  indicate  tbit  tha  physical  properties  of  the 
glacial  till  are  quite  uniform.  The  rani  a  in  liquid  limit  la 

from  29  to  1|3  with  an  average  of  about  3 5*  All  of  the  samples 
tested  are  classified  as  CL,  Inorganic  clays  of  low  to  medium, 
plasticity^  according  to  the  Unified  Soil  Classification, 

It  is  noted  that  the  avsra i_e  optimum  moisture  content 
«t  the  south  area  Is  several  percent  lower  than  the  north  area, 
and  the  maximum  dry  density  in  the  south  area  la  about  5  pounds 


per  aubic  foot  greater  than  the  samples  from  the  north  area,'  This 
difference  in  moisture-density  values  may  be  attributed  to  the 
fact  that  the  borings  in  the  south  area  were  nearly  k$  feet  deep 


'-'.b'f; 


whereas  all  of  the  borings  in  the  north  area  were  terminated  at 
a  depth  of  25  feet.  This  fact  that  the  3anple3  in  the  north 
area  are  from  a  shallower  depth  may  give  an  explanation  for  the 
somewhat  higher  liquid  limit  values  for  samples  from  borings  5 


end  6, 


Several  water  bearing  sand  or  silty  scad  pockets  were 


encountered  in  the  borings,  Pockets  of  this  type  are  typical  of 
glacial  till  deoosits.  They  may  range  from  a  few  inches  to 
several  feet  in  size  and  may  ocour  at  random  locations?  In  rather 
irregular  ahapoa.  If  extensive  sand  lenses  &r:-  encountered 
during  construction,  it  will  bo  necessary  to  vruafo  uhis  o:»i*meco'.‘.s 
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smpies  of  'Che  borrow  manorial  to  neeaura  vke  unccaflned 


3  5.  vs  strength  of  tho  soil  when  c  geo  acted  c.t  diff-omt  at  er  con¬ 
tents*  Tha  results  of  these  testa  are  summarized  in  fable  111. 

The  percent  compaction  reported  in  t  hi  a  table  1,8  the  relationship  ’  .. 

««.  -  ■  .  •  - v-;>  ;•  nii#,. .w:.- .?*»*«•.£-  •  -ar  *  .  ♦•Vi.  -•  •• 
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between?  the  drjr  denaltyr  tmconf ined  compress icn  test  sample.. 
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and  the  maximum  dry  density  at  optimum  moisture  content.  An 


inspection  of  this  data  indicates  that  it  ig  possible  to  obtain 
more  than  95. percent  of  standard  proctor  maximum  density  for  a 
7j.dc  range  of  moisture  contents.  Tha  effect  of  variations  in 

moisture  content  on  the  shear  strength  is  a  more  critical  feature, 
and  therefore  careful  consideration  of  this  item  is  essential.  It 
should  bo  noted  that  the  maximum  shear  strength  was  obtained  at  a  ?'V 
water  content  slightly  less  than  that  associated  with  the  maximum 
dry  density.  Also  it  is  noted  that  a  noticeable  reduction  in 
shear  strength  occurs  as  the  moisture  content  is  increased  above 
that  required  for  maximum  density. 

Plating  of  material  dry  of  optimum  is  undesirable 
because  of  the  danger  of  low  density,  increasod  permeability  or.d 
excessive  softening  and  settlement  on  saturation  by  the  reservoir 
resulting  in  possible  cracking  of  the. fill.  The  ncisfcure  content 
should  not  be  appreciably  greater  than  optimum  for  Proctor  r.c?:imur?t 
density  because  of  the  difficulty  in.  placing,  eufc sequent  ssttlor.ent 
■v.s  instability  due  to  tea  love*  5 near  r tr th.  '..<..  -.s  >  ccnc^.derr.- 

v  '.v1  •  O it v*  CO  '-j  T  '  UulV*'  v«i.c*v  jl  u  ...  j;IO -*  C*  03 •  •  wv  i 


t.c  c-oss  to  tns  cotum  ?co+.b'-va‘< 


maximum  dry  density.  A  range  of  £  £  percent  from  this  optimum 

value  appears  to  bo  reasonable  for  the  borrow  material  proposed 
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:  The  "petsaaabi'a^^iMilflod  sediment  a  In  the  stream  valley^7p|| 

"?  *:  •  - *•'  •  -••  !  •  *  '  t*  ^  u-' 

require  special  consideration  in  order  to  irav>re  that  the  seepage 

losses  beneath  the  dam  are  not  excessive  and  the  danger  of  a  piping 
failure  is  eliminated*  Several  methods  of  intercepting  the 
seepage  beneath  the  dam  have  been  considered  by  the  writer  sad 


for  this  homogenous  dsm. 

r  .. 


TREATHT3IT  OV  rMBANKHEHT 


the  consulting:  engineers*  Among;  these  methods  are  a  cut-off  *  }'£%■ 

trench,  a  partial  cut-off  trench,  sheet  piling,  grouting  and 
the  use  of  an  onstream  blanket*  The  two  most  favorable  treat - 
manta  from  a  cost  standpoint  are  the  use  of  a  cut-off  wall  or 
an  upstream  blanket*  The  moat  positive  method  of  controlling  the 


amount  of  seepage  beneath  the  dam  and  insuring  that  no  difficulty 


'•  -jjA  ■ 


will  be  encountered  due  to  piping  through  the  foundation  or  by 

uplift  pressures  at  the  toe  is  by  the  Installation  of  on  impervious 

cut-off  trench-  from  the  existing  ground  surface  to  the  impermeable 

" ,’Sx '  .  '!■  :  *■  •  '  •  .  "  "  r 

glacial  till  whloh  underlies  the  alluvium.  T7se  of  a  drainage 

blanket  upstream  from  the 'dam  would  not  be-  as  satisfactory  as  a 
cut-off  tronch  because  of  danger  of  leaks  in  the  blanket  ana 
because  of  the  amount  of  stripping  and  material  required  for  0 
satisfactory  cover. 

The  relatively  high  water-  table  ccnrlod  with  ths 
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. ev-iwuhiU  by  of  the  ciluviun  requires  that  s.  wall  point  rj-* 
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construction.  The  wit  or  table  ir.ua  t  be  lowered  In  order  to 
maintain  stability  of  the  slopes  and  to  insure  that  the  rolled 


n 

1  ! 

•!  a 
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fill  in  the  core  trench  will  be  constructed  in  the  dry.  A.  single 
stage  of  well  points*  1st,  capable  of  lowering  tha  water  table  abotrl  ^ 

..-'-S. -*V  ••**■*  "-•■*  ‘-fr  v  ~  ‘  Vv’  Jk-  ‘ffi.  '  '.V..-  *•““  -•  f 

1$  feet.  If  will  ha  necessary  t»  lower  tha  water  table  nearly 

30  feet  throughout  most  of  the  trench,  and  in  the  area  from 

Station  12  v  0  to  13  +  50  It  will  be  necessary  to  lower  the 

water  table  in  excess  of  ij.0  feat*  In  order  to  accomplish  the 

dev/u taring  required  it  will  be  necessary  to  use  a  multiple  staple 
* 

well  point  installation  where  separate  rows  of  well  oointa  are 
driven  from  benches  cut  In  the  aid®  slopes  of  the  core  trench. 

The  vertical  distance  between  these  benches  should  not  exceed 
1>  feet,  and- it  would  be  desirable  to  limit  this  distance  to 

13  feet*  The  benches  should  be  at  least  6  faet  wide,  and  a 

slooe  of  0»5>  feet  horizontal  to  1  foot  vertical  is  considered 
satisfactory  because  this  will  result  in  an  average  slope  of 
about  1  foot  horizontal  to  1  foot  vertical  for  the  entire  denth 
of  the  excavation. 

Hie  dewatering  operation  will  cause  some  consolidation 
of  th3  loose  sadimeihts  and  will  cause  an  increase  in  effective 
3tro3s  in  fcfc©  foundation  material.  These  two  factors  also  will 
contributes  to  the  stability  of  the  excavation  slopes.  The  vidth 
rf  oor-  branch  should  be  at  lea?-  2.0  fo-ft  to  ore vies  a 
'■orir.-'-'s  barrier,  and  the  bottom  of  tho  cut-off  v>all  should 

«  :  leue  t  •?  feet  into  the  iraoennoASsiu  gl. cl  till,  fbo 
con of  -the  bo t toil  of  the  core  trench  should  be  about 
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tho  abutment  areas  a  key  trench  should  be  provided  to  insure 
?.  vjatsr  tight  bond  between  the  rolled  fill  and  the  natural 


3  f^'T'  /.  ■  ■  "  -  ' 

The  material  excavated  from  the  core  t  ranch  can 


ground. 


.  .  .  .-v-  '  i  "  r^v-.-;  • 

be  used  as  a  stabilizing  fill  on  th»  lower*  portions  of  the 

slooas  of  the  rolled  fill  dam,  It  may  be  possible  to  use 
some  of  the  granular  material  from  the  trench  for  che  pervious 
tee  drain  required  in  the  embankment.  A  decision  ocncsr-niag 
tho  use  of  this  material  cannot  be  made  until  the  excavation 
haa  advanced  to  the  point  where  careful  inspection  and  grain 
ai2e  determinations  can  be  mad®  on  representative  samples  of 
the  material. 


E^SANKI^RT  CONSinFRAHORS 

There  are  several  factors  that  must  be  considered 
in  the  evaluation  of  the  slopes  elected  for  the  rolled  homo* 
c-enoua  dam.  Among  these  are  the  shear  strength  of  the  compacted 
fill,  the  shear  strength  of  the  foundation,  and  the  seepage 
through  the  embankment. 

Shear  strength  determinations  on  the  cowoacted 
specimens  Indicate  that  an  uostream  slopo  of  3il  and  a  do--n- 
s  "u  ream  ibpo  of  2^:1  is  s?;t.*s  factory  orovided  that  '  tho  dera  is 
;jv  subject  to  u  drawdown,  rate  of  n:~:  boar  6  f.r.o.o  k**v  day 
arbor  tha  raciciiaua  -reservoir  h&c  been  maintains- «  Joi  a 

II. it  .'.op^tL  of  tinae  to  2  sb'oro.te  •■'.o  embi-.v-  ' , 
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an  average 


rouncr.non  material  o  .n  enu:*  c..  /.'  c  ■-  •:*  \s 
,:3”  value  between  b  ana  10 :  ana  as  a  result  oho 
consistency  of  the  material  -ould  he  classified  as  medium.  *00 
increase  In  the  overall  safety  can  be  accomplished  by  using 

the  excess  or  material  excavated  from  the  core  trench  as  a 


stabilizing  fill  dr  toe  hem  on  the  lower  portions  of  the  am- 

T  .iV’  ■  .•  •  •  ■’ 

bankm-nt*  This  stabilizing  fill  will  be  used  to  provide  weifhfc 
onljs  and  consequently,  no  special  methods  of  construction  or 
comoaction  requirements  are  needed  for  tha  placement  of  this 
material.  U3e  of  the  excavated  material  for  this  purpose  './ill 
provide  for  a  satisfactory  method  of  disposing  of  this  waste 


material* 


It  Is  anticipated  that  some  settlement  of  the  embank¬ 
ment  will  occur  due  to  the  consolidation  of  the  alluvium  as  tho 
result  of  the  increase  in  stress  due  to  the  embankment.  Because 
of  the  oermeable  nature  of  the  silty  sand,  most  of  the  consoli¬ 
dation  will  occur  during  the  construction  of  the  embankment,  and 
very  little  settlement  due' to  consolidation  of  the  foundation 
will  occur  after  the  embankment  i3  comoleted.  It  Is  estimatod 
that  the  total  settlement  due  to  consolidation  in  the  foundation 
durinr  construction  will  not  exceed  one  foot*  Also  it  is  anti- 

■  P 

clpated  that  another  fodt  df  settlement  will  occur  within  tho 
somoactod  emba rkraent  evon  though  the  placement  moisture  and  com~ 
caution  orocedurss  are  carefully  controlled.  A  major  portion  of 
the  srfeankraent  consolidation  aloe  will  occur- '  aurirr  the  con¬ 


strue  lion  operations 


*> 
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compacted  cohesive  material* 


ther 


s  ./ill  be  seme  seepage  through 
che  embankment.  It  'will  take  3cr»e  time  for  t  he  seepage  through 
the  dam  to  reach,  a  steady  state  of  flow*  This  steady  state  con¬ 
dition  which  determines,  the  ptareatio  surface  of  seepage  through 
the  dam  will  establish  thef maximum  saturation  of  the  embankment  _ 
and  is  the  most  critical  post-construction  condition  for  the 
stability  of  the  downstream  slope.  If  the  phroatio  surface 
interceots  the  slope  above  the  base  of  the  dam  a  general 
softening  of  the  fill- will  occur,  and  a3  a  result  the  stability 
of  the  slope  may  become  critical.  In  order  to  maintain  the 
stability  of  the  downstream  slope  it  is  essential  that  a  toe 
drain  be  Installed  to  intercept  the  flow  through  the  embankment 
in  such  a  manner  that  the  phreatic  surface  is  kept  well  within 
the  compacted  embankment. 

"  The  toe  drain  can  consist  of  a  filter  drain  that 
starts  at  the  downstream  toe  of  the  embankment  and  extends 
upstream  to  a  point  about  60  feet  from  the  centerline  of  the 
dare.  This  toe  drain  should  be  extended  across  the  valley  and 
up  the  abutments  to  the  maximum  storage  elevation*  The  minimum 

thickness  of  the  toe  drain  should  not  be  less  than  2  feet.  A 

<  ■  '  * 

perforated  pipe  underdrain  should  be  installed  in  a trench  about 
20  feet  upstream  from  the  toe  of  the  dam  to  collect  the  water 
fr-om  t  he  tee  drain* 

A  satisfactory  alternate  to  the  toe  drain  would  be 
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the  installation  of  a  strip  drain  nit  air.  the  *r:foankmer*t.  This 
drain  should  have  a  cross  section  of  6  x  12  feet  across  the  main 
valley  and  k  x  12  r'eet  in  the  abutment  ar-oas*  Granular  discharges 
having  dimensions  of  2{.  x  6  feet  should  be  spaaed,  at  about  100  foot 

centers  and  should  extend  from  the  strip  drain  to  the  downstream 

-  ■- 

slope*  The  centerline  of* this  atrip  drain  should  be  located  about 

■  ;  ••  .*  »■'  ■  ^  ; 

60  feet  downstream  from  the  axis  of  the  dam*  It  is  believed  that 
the  U3®  of  a  strip  drain  would  result  in  a  saving  of  granular  - 
material  but  would  require  some  extra  effort  during  construction* 
Several  other  features  of  the  embankment  design  such 
as  crest  width*  freeboard*  upstream  slope  protection,  downstream 

slone  protection  and  surface  drainage  have  an.  effect  on  the 

v-'V*.  v  •  •. 

stability  of  the  embankment*  Since  these  features  require  con«* 
siderations  other  than  soils,  they  are  considered  to  be  beyond 
the  3  cope  of  tbi3  reDort* 
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+  Distances  given  from  centerline  are  perpendicular  thereto  unless  otherwise  noted. 
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by  the  equipment  noted  and  accuracy  of  the  "Log  of  Material"  is  limited  thereby  and 
by  Judgment  of  the  operator.  Log  of  operations  is  an  Integral  part  of  this  information. 
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+  Distances  given  from  centerline  are  perpendicular  thereto  unless  otherwise  noted. 
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by  the  equipment  noted  and  accuracy  of  the  "Log  of  Material"  la  limited  thereby  and 
by  judgment  of  the  operator.  Log  of  operations  is  an  integral  part  of  this  information. 
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by  judgment  of  the  operator.  Log  of  operations  is  an  Integral  part  of  this  Information. 
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by  the  equipment  noted  and  accuracy  of  the  "Log  of  Material"  is  limited  thereby  and 
by  Judgment  of  the  operator.  Log  of  operations  is  an  Integral  part  of  this  information. 
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+  Discances  given  from  center line  are  perpendicular  thereto  unless  otherwise  noted. 


Persons  using  this  information  are  cautioned  that  the  materials  shown  are  determined 
by  the  equipment  noted  and  accuracy  of  the  "Log  of  Material"  la  limited  thereby  and 
by  judgment  of  the  operator.  Log  of  operations  is  an  integral  part  of  this  information 
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GEOLOGIC  REPORT  ON  THE  PROPOSED  PUTNAM  COUNTY  LAKE  SITES 
NEAR  UNIONVILLE,  MISSOURI 

A  surface  geologic  study  of  two  lake  sites  near  Unionville,  Missouri, 
was  made  for  the  Putnam  County  Joycees.  Of  the  two  sites,  the  most  favorable 
is  the  North  Site  located  on  Blackbird  Creek  north  of  Unionville.  The  dam 
site  is  upstream  (west)  of  Missouri  Highway  5.  The  South  Site  on  South 
Blackbird  Creek  west  of  Highway  129  is  less  suitable  since  bedrock  openings 
and  mine  drifts  indicate  exploration  and  construction  costs  would  be  greater 
than  at  the  North  Site.  Each  lake  site  would  have  approximately  1200  surface 
acres  of  water. 

North  Slte»  jr  JT/Zc* 

Both  the  abutments  and  the  impoundment  area  will  be  in  glacial 
drift.  An  examination  of  the  area  showed  bedrock  to  be  buried  at  depth  by 
glacial  drift,  A  water  height  of  60  feet  at  the  dam  site  will  create  a  lake 
area  of  about  1200  acres.  The  drainage  area  is  estimated  to  be  18,000  acres. 

The  location  of  the  dam  site  Is  in  the  S W  1/4,  SE  l/4,  Section  10  and  ME  1-/4, 

NS  l/4,  Section  15,  T.  66  U.,  R.  19  W.  All  geologic  features  point  to  a  safe 
lake  at  this  site  with  regards  to  possible  water  loss  to  the  bedrock. 

Water  loss  hazards  at  the  site  are  related  to  the  glacial  drift 
and  alluvium.  Possible  loss  would  be  through  sand  bodies  in  the  abutment 
and  underflow  through  the  alluvium  or  glacial  sands  in  Slackbird  Creek. 

Ramdoo,  Isolated  sand  bodies  are  known  to  be  present  in  glacial  drift. 

Although  none  were  observed,  it  is  recommended  that  the  abutments  be 
augered  to  determine  the  glacial  drift  characteristics.  Exploration  along 


(SXHH3  VT  'V' 


the  center  line  across  Blackbird  Creek  should  be  made  to  determine  the 
characteristics  of  the  valley  alluvium.  Eecause  the  valley  alluvium  has 
been  deposited  by  running  water  there  nay  be  sand  and  gravel  zones  inter- 
layed  with  silt  and  clay  beds.  Therefore,  underflow  through  pervious 
sands  and  gravels  beneath  the  dam  is  a  major  hazard  if  not  intercepted  by 
the  core  trench  or  a  cut  off  curtain.  Support  characteristics  of  the 
foundation  material  may  vary  across  the  valley  because  of  its  alluvial 
origin. 


South  Sitei 

The  dam  site  "Is  in  the  N£  l/4f  SW  l/4,  S,i  l/4.  Section  22,  and 
NW  1/4,  N’.V  1/4,  N'.V  l/4,\section  27,  T.  65  M. ,  R.  10  IV.,  on  South  Blackbird 
Creek,  west  of  Missouri  Highway  129.  Bedrock,  exposed  upstream  and  down¬ 


stream  from  the  damsite,  dl^s  toward  the  northeast.  Limestone,  shale  and 
coal  beds  are  covered  by  a  t^in  veneer  of  soil  on  the’ abutments.  Bedrock 
belongs  to  the  Pennsylvanian  system  and  includes  formations  from  the  Fort 
Scott-Higginsville  limestone-upY to  and  including  the  Altamont-.Vorlr.nd 
limestone.  The  section  is  a  series  of  alternating  thin  limestone  beds 
1  to  4  feet  in  thickness  interlayered  with  shale  and  coal  beds.  A  number 
of  mine  drifts  were  observed  along  tire  valley  of  the  lake  and  in  Kinney 
valley  to  the  north  of  the  left  abutment.  Small  underground  mining  opera¬ 
tions  are  presently  active  in  the  area.  \ 

Potential  water  loss  from  the  lake,  to  the  bedrock  may  occur  a't 


tho  abutments  and  in  the  upstream  aroa.  Bucr^loss  would  be  via  bedding 
plains  and  joints  in  the  limestone  units.  Because  of  the  intensified 
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ADDENDUM  TO  LAKE  THUNDEki ;EAD 
Putnam  County,  Missouri 


Inspection  of  Lake  Thunderhead  on  8  May  1972,  indicates  the  following: 

1)  Seepage  on  the  left  abutment  slope  is  -apparently  more  extensive 
than  previous  times  of  investigation.  An  area  approximately  100 
feet  square  is  water  saturated.  The  water  is  present  as  surface 
flow  gradually  seeping  through  what  is  apparently  a  lense  of  sandy 
loam  soil  that  makes  up  at  least  a  portion  of  the  left  abutment. 

2)  The  lagoons,  although  water  filled,  apparently  are  severely 
affected  by  subsurface  water  seepage.  Water  in  the  lagoons  seems 
to  be  mostly  that  whicli  would  be  derived  from  the  water  bearing 
gravels  and  sands  that  were  exposed  during  lagoon  construction. 

3)  The  interception  ditches  do  not  appear  to  be  functioning.  Con¬ 
sequently,  seepage  from  the  dam  has  water  saturated  much  of  the 
upstream  portion  of  the  lagoon  levees  outside  of  the  lagoon  as 
well  as  contributed  to  a  portion  of  the  water  within  the  lagoons. 

4)  A  significant  amount  of  water  seepage  is  welling  up  in  the  manhole 
present  where  the  sewer  line  has  been  constructed  under  the  dam. 


James  H.  Williams 
Geologist  and  Chief 
Engineering  Geology  Section 
Missouri  Geological  Survey  and 
Water  Resources 
May  17,  1972 
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ENGINEERING  GEOLOGIC  REPORT  ON  LAKE  THUNDERHEAD 
PUTNAM  COUNTY,  MISSOURI 

LOCATION :  NW^ ,  NE1! ,  NE*J ,  Sec.  15,  T.  66  N.  ,  R.  19  W.  ,  Seymour  Quadrangle. 

The  dam  site  was  selected  by  J.A.  Martin-J.H.  Williams  in  1963.  It  has  served 
the  purpose  well  except  for  financial  problems  of  the  developers. 

One  point  not  observed  in  the  original  investigation  and  later  drilling  by  the 
Conservation  Commission  and  engineers  was  the  significance  of  a  terrace  on  the  left, 
north,  abutment.  A  line  of  seepage  has  persisted  on  the  eastern  portion  of  this  ter¬ 
race  some  200-300  feet  from  the  lake.  Water  movement  is  being  controlled  by  the  stra¬ 
tified  terrace  deposits.  Leakage  has  remained  unchanged  for  the  past  5  to  6  years. 

It  does  not  appear  to  pose  a  threat  to  the  dam. 


Dr.  J.  Hadley  Williams,  Chief 
Applied  Engineering  &  Urban  Geology 
Geology  &  Land  Survey 
August  23,  1978 


